Numerous studies find a positive relationship between cognitive ability, IQ as measured in childhood or youth, and subsequent survival. Explanations range from the idea that low ability is an indicator of adverse systemic events in early life to the idea that high cognitive functioning is required continuously to maintain health and reduce threats to survival. The Wisconsin Longitudinal Study (WLS) has followed a cohort of 10,317 Wisconsin high school seniors from 1957 onward. As expected, in the WLS adolescent cognitive ability (IQ) is positively correlated with survival from ages 18 to 69. However, rank in high school class accounts completely for the relationship between IQ and survival, and it has a much larger effect on survival. This finding could be interpreted as suggesting that cognitive functioning improves survival by promoting behaviors that boost health status, minimize exposure to known risks and, more generally, optimize returns to health producing inputs, and that such behaviors are firmly in place by late adolescence. Future research should identify those behaviors, their antecedents, and their consequences.
1
In a large American sample of high school graduates the association between adolescent IQ and survival from ages 18 to 69 is entirely explained by a measure of academic performance (rank in high school class) that is only moderately associated (r = 0.6) with IQ. Moreover, the effect of rank in high school class is about three times larger than that of IQ. This finding suggests that higher cognitive functioning improves the chances of survival because it leads to behaviors that are responsible, well organized, timely, and appropriate to the situation, and that such patterns of behavior are well established by late adolescence. Deary's (2008) essay in Nature noted that an association between "early life intelligence and mortality" has been established "across different populations, in different countries, and in different epochs." He offered four potential explanations of this ubiquitous finding: higher education, healthy behaviors, early insults to the brain, and system integrity: "First, … intelligence is associated with more education, and thereafter with more professional occupations that might place the person in healthier environments. …. Second, people with higher intelligence might engage in more healthy behaviours. … Third, mental test scores from early life might act as a record of insults to the brain that have occurred before that date. … Fourth, mental test scores obtained in youth might be an indicator of a well-put-together system. It is hypothesized that a well-wired body is more able to respond effectively to environmental insults" (p. 176). The essay referred only in passing to a finding that "being more dependable or conscientious in childhood is also significantly protective to health" (Schwartz, et al., 1995; Deary, et al., 2008) , yet this may be the key to explaining the association between IQ and survival.
Research on the association between early IQ and survival has led to the development of a nascent subdiscipline, cognitive epidemiology (Deary & Batty, 2006 , 2007 Deary, 2009b Deary, , 2 2009a Deary, et al., 2009; Lubinski, 2009 ). Much of this research has been integrated in a comprehensive account of follow-ups to the Scottish Mental Surveys (Deary, et al., 2009) . In addition to overall mortality (Whalley & Deary, 2001; Hart, et al., 2003a; Hart, et al., 2003b; Osler, et al., 2003; Hart, et al., 2005; Batty, et al., 2009c; Leon, et al., 2009) , IQ has been associated with accidental deaths (O'Toole, 1990; O'Toole & Stankov, 1992; Batty, et al., 2007a; Young, 2008; Batty, et al., 2009b) , with homicide , with hypertension, stroke, and cardiovascular disease (Lindgarde, et al., 1987; Hart, et al., 2003b; Starr, et al., 2004; Batty, et al., 2005; Batty, et al., 2007b) , with quitting smoking (Taylor, et al., 2003) , and with time to menopause (Shinberg, 1998; Richards, et al., 1999; Whalley, et al., 2004; Kuh, et al., 2005) .
These studies provide little evidence that differential survival by IQ is explained by the correlation of IQ with social and economic origins. There is mixed evidence that the effects of IQ on mortality are mediated by education and socioeconomic success (Link & Phelan, 2005; Link, et al., 2008; Batty, et al., 2009a) .
Some of the risk factors that account for health differentials, e.g., smoking, drinking, over-eating, and lack of exercise, are known by almost all adults. The important question is not whether these risks are known and understood, but why people continue to ignore them. Yet interpretations of correlations between IQ and morbidity or mortality have sometimes been speculative and exaggerated. One researcher has suggested that IQ is "the epidemiologists' elusive fundamental cause of social class differences in health" (Gottfredson, 2004) , thus implying that it may account for the influence of socioeconomic standing on survival. Deary has written "Whether you live to collect your old-age pension depends in part on your IQ at age 11.
You just can't keep a good predictor down" (Deary, 2005) . Batty and Deary interpret the IQ differential as attributable to excessive cognitive demands in healthcare settings (Batty & Deary, 3 2004 ): "Given their inherently complex and sometimes conflicting nature, healthcare messages, treatment regimens, and preventative strategies perhaps surpass the cognitive abilities of some people. If this is the case-and bearing in mind that oversimplification of advice might reduce effectiveness substantially-proactive involvement of healthcare providers is warranted to reduce health inequalities attributable to differences in cognitive ability." While cognitive limits may well affect understanding and compliance in healthcare settings, there is not a shred of evidence that this accounts for the life-long association between IQ and survival.
Moreover, the recent literature on IQ and survival, along with much other epidemiological and demographic literature, ignores the implications of findings that identify variables(s) as statistically significant predictor(s) of an outcome. Halting the analysis at the point where estimates of relative hazard or odds ratios and their standard errors are obtained ignores the possibility that their ultimate implications for outcomes with policy significance can be and sometimes are utterly trivial, despite their statistical reliability.
For example, consider the recent paper in which Batty et al. (2009c) 
Data
The Wisconsin Longitudinal Study (WLS) has followed the lives of 10,317 Wisconsin high school graduates of 1957, a simple random sample of one third of their graduating class (Sewell, et al., 2004) . The Wisconsin sample covered 70 to 75% of appropriately aged youth in Wisconsin (Sewell & Hauser, 1975) . However, participants are all high school graduates and almost all non-Hispanic whites, rather like 2/3 of Americans of their birth cohorts.
Gender was ascertained in a spring 1957 survey of the graduates. Cognitive ability (IQ) was measured in the junior year of high school (1956) using the Henmon-Nelson Test of Mental Ability (Henmon & Holt, 1931; Henmon & Nelson, 1946 , 1954 , and rank in high school class was ascertained directly from high school records. In U.S. high schools, rank in class is based on the mean grade assigned in courses taken throughout the high school career. Parents' incomes In fewer than 7 percent of cases, data on high school rank, parents' incomes, or parents' occupations were multiply imputed following the procedure suggested by Van Buuren et al. (1999) and implemented by Royston (2004 Royston ( , 2005 Royston ( , 2007 in the ICE routine in Stata 10.
Conditional on each of five such imputations, missing years of death between 1957 and 1975
were multiply imputed for 50 cases assuming a Weibull distribution. Of these, 20 died before 1964, 22 between 1964 and 1975, and 8 between 1957 and 1975 . Analyses of survival were estimated in Stata 10 assuming a Weibull distribution for each of the 25 fully imputed sets of data. In this large sample, adjustment of standard errors for the effect of imputation would be negligible. Imputations and estimates were also carried out assuming a Gompertz distribution, confirming the findings reported here.
Methods
The workhorse of our analyses is a parametric survival model defined on the age interval (18, 68) . Individuals whose survival was not ascertained (N = 13) or who survived to 2009 (N = 8701) were censored. The model is as follows:
6 where μ(x) is the force of mortality evaluated at x, μ o is a baseline force of mortality evaluated at age x, β is a vector of parameters and X is a vector of covariates. For pragmatic reasons we choose a Weibull hazard to represent the baseline μ o (x) thus imposing the following parametric form:
where γ is a level parameter and ρ is the shape parameter. It is well-known that a Weibull hazard can be parameterized as a Gompertz hazard defined on the log of duration (rather than on duration). Both functions capture the pattern of mortality well from adolescence to late adulthood though the Weibull function rises too slowly at ages above 75 to represent mortality well above those ages. However, since the Gompertz and Weibull perform equally well below ages 75, and since a Weibull parametric hazard is also an accelerated failure time model (and hence more robust to some violations of the proportionality assumption), we chose to present results using the Weibull parameterization.
In addition to estimating the vector of parameters, β, along with ρ and γ, we calculated the predicted integrated hazard, I(y; β, ρ, γ ), for selected subgroups (setting all the variables not defining the subgroups to their sample mean) and the probabilities of surviving S(x; β, ρ, γ) = exp(-I(y; β, ρ, γ ), and finally, the expected duration in the intervals (x, 68) for all x between 18 and 67. The latter quantities are much better measures of the ultimate effects of selected covariates than the vector, β, or the relative hazards, exp(β).
Our estimation strategy consisted of building successively more complicated models while paying close attention to the role of common causes and mediating mechanisms. The model of relations we have in mind is shown in Figure 1 . Our main conjecture is that the effects of IQ are mediated by variables that could be correlated with it but that also represent traits quite 7 different from intellectual skills and are more suitably thought of as indicators of character and personality as well as by behaviors during adulthood . The model in Figure 1 includes constructs whose indicators are not included in our analysis. Among these are variables representing early childhood environments and events that may have shaped or constrained IQ.
Thus, the estimated effect of IQ overstates its true effects if early childhood conditions have independent effects on IQ and on mortality (Barker, 2001; Palloni, 2006; Nisbett, 2009 ).
Findings
Figures 2 and 3 describe observed mortality differentials by IQ and high school rank. On the same scale, Figure 3 shows corresponding estimates of the cumulative hazard of mortality for the top and bottom fifths in high school rank. Here, the mortality experience of the two groups diverges within 10 years of graduation, and by 2008, the cumulative risk of death is nearly twice as large among the lowest as among the highest ranking students. Plainly, while there is differential mortality by IQ in the Wisconsin cohort, the differential by high school rank is far larger. However, the effect of IQ barely changes when the social background variables are added to the model.
In model 3, high school rank is added; its effects are large and statistically reliable. The odds of mortality are more than 40 percent lower in the top fifth of the class than in the bottom fifth; the obverse is that the odds of mortality are 2/3 greater in the bottom than in the top fifth.
The inclusion of high school rank in model 3 scarcely alters the effects of the social background variables, but it has marked effects on the estimated coefficients of gender and of IQ. In model 2, the odds of mortality among men are 62 percent greater than among women, but in model 3, the gender differential is reduced to 51 percent. The reason is that high school girls earn higher grades than high school boys of equal IQ -by nearly half a standard deviation -and that accounts in part for the gender differential in mortality.
More important, once high school rank enters the model, there are no longer any statistically significant differentials in mortality by IQ. That is, the association between IQ and mortality is entirely explained by its correlation -presumably a causal relationship -with high school rank. However, that correlation is far from perfect. Among the Wisconsin graduates, the correlation is r = 0.6, which is to say that nearly two thirds of the variance in high school rank is independent of IQ. Figure 4 displays a scatter-plot of the relationship between Henmon-Nelson IQ and class rank. Plainly, there is a great deal of variability in class rank among individuals with the same IQ. To be sure, this is due in part to the fact that average IQ varies among high schools, while the distribution of class rank is necessarily the same in each school. However, less than 13 9 percent of the variance in IQ lies between schools, and the within-school regression of rank on IQ -even after social background variables have been controlled -is virtually the same as the correlation reported here (Hauser, et al., 1976: 323-24) . While the independent features of high school rank may be partly cognitive, they must also include aspects of character, habit, and personality. Personal characteristics that lead students to do the right thing in the right way at the right time and place when they are in secondary school evidently persist in ways that lead to greater longevity. Table 2 shows selected estimates of expected years of life, based on the Weibull models, during the 52 year period of observation. In models 1 and 2, women outlive men by 1.3 years, but in model 3 women's advantage is reduced to 1 year. In models 1 and 2, the highest fifth in IQ outlive the lowest fifth by about half a year, but that differential is actually reversed in model 3.
Both in model 2 and in model 3, farm youth outlive nonfarm youth by about half a year, while high income youth outlive low income youth by almost a year. However, the largest differential in expected years of life is 1.4 years, between youth in the top and bottom fifths of their high school classes.
To investigate the possibility that the effect of IQ varies across levels of high school rank,
we estimated the Weibull model separately in the top, middle, and bottom thirds of the distribution of high school rank. These findings are summarized in Figure 5 , which shows the effect of IQ on the ratio of expected years of life to the maximum possible years of life by years since 1957 in each third of the distribution of high school rank. For clarity, each panel of the figure shows only the ratios for the top and bottom fifths of the IQ distribution. If higher IQ had a salutary effect on survival, the curves for the top fifth in IQ would always be higher than the curves for the bottom fifth in IQ. However, the opposite holds throughout the distribution of high school rank: Those with a very high IQ are less likely to survive than those with a very low IQ.
Moreover, since each panel of Figure 5 is on the same vertical scale, a comparison among the panels clearly shows the positive effect of high school rank on survival.
The WLS data do not permit a thorough analysis of the health-related behavioral consequences of IQ and high school rank. However, smoking behavior and binge drinking provide striking examples that may help to explain the relationship of IQ with mortality. In 1993, 54 percent of the Wisconsin graduates reported that they had smoked cigarettes at some time in their life. Among those who ever smoked, 67 percent reported that they had stopped, and they also reported the number of years that they had smoked. Almost 95 percent of the graduates reported that they had alcoholic beverages at some time in their life, but just 59 percent had any alcoholic beverages in the month preceding the interview. Those participants were asked the number of occasions on which they had consumed more than four alcoholic drinks in that month. Table 3 reports regression analyses of smoking, quitting smoking, and binge drinking as reported in 1993. For convenience in interpretation, both Henmon-Nelson IQ and high school rank have been expressed in standard form, that is, with a mean of 0 and a standard deviation of 1.0. In model 1, which includes only gender and IQ, the odds that a man ever smoked were 1.7
times as large as those of a woman, while IQ had no effect. Model 2 adds high school rank to the model. Here, the effect of IQ is statistically significant and positive, while increases in high school rank diminish the odds of smoking. That is, when high school rank is controlled, those with higher IQs were significantly more likely to smoke than those with lower IQs. The addition of high school rank to the model also explains about half the gender effect because men obtained lower grades in high school than women.
Models 3 and 4 pertain to the number of years of regular smoking among those who had ever smoked. In model 3, which includes only gender and IQ, men smoked for about a year longer than women, while a one standard deviation increase in IQ reduced the time to quitting by almost a year. However, the addition of high school rank in model 4 reduced the gender effect to non-significance, reversed the IQ effect, and yielded the estimate that a one standard deviation increase in IQ reduced the time to quitting by almost two years.
Analyses of binge drinking -the number of times per month that an individual had more than four drinks on the same occasion -yield estimates that parallel those of smoking behavior.
In model 5, which includes only gender and IQ, the estimates suggest that men experience almost one more binge-drinking episode per month than women, while a one standard deviation shift in IQ reduces binge-drinking by about one eighth of an episode per month. Again, the introduction of high school rank in model 6 reduces the IQ effect to statistical insignificance and partly explains the gender difference. In that model, a one standard deviation increase in high school rank decreases binge-drinking by one fifth of an episode per month.
Both in analyses of smoking behavior and of binge-drinking, with just one exception, similar findings are obtained when the data for women and men are analyzed separately. In the case of women's binge-drinking, IQ and high school rank have small and virtually equal negative effects. Also, there are other cases where effects on health outcomes or behaviors do not follow the same pattern as survival, smoking, and binge-drinking. In the case of self-rated general health in 1993 (excellent or good vs. fair, poor, or very poor), both IQ and high school rank have small, significant positive effects. The same holds in the case of participation in light exercise and participation in vigorous exercise. On the other hand, neither IQ nor high school rank affects the likelihood that a participant had a complete physical examination within the past year. Because the reports of health and health behaviors were first obtained when participants were 53 to 54 years old, we have not tried to investigate the degree to which any health-related behaviors mediate the influence of IQ and high school rank on mortality. Thus, much remains to be done before their effects on mortality will be fully understood.
Discussion
Taken at face value, these findings suggest substantial modification in the previously offered explanations for the association between IQ and survival. There is no need to invoke "early insults to the brain" or "system integrity" to explain the association, nor is it necessarily mediated by post-secondary schooling -though some studies have found that the IQ-survival relationship is partly mediated by educational attainment (Link & Phelan, 2005; Link, et al., 2008) . The latter finding may be attributable to the fact that high school grades, more than test scores, account for the completion of college (Bowen, et al., 2009) . Neither is it necessary to invoke health literacy, except to the extent that it may reflect highly motivated or compliant behavior. The leading candidate to explain the IQ-survival relationship would appear to be lifelong attitudinal and behavioral patterns that contribute both to academic success in secondary school and to systematic accumulation of health benefits.
The present analysis cannot claim to parse the content of high school rank in terms of personality or motivation. That should be a goal of future research. What does seem clear is that high school rank is a cumulative indicator of responsible, compliant behavior, of consistently doing the right thing in the right way at the right time and place. That possibility has been noted by Deary (2008) : "For example, it seems that, independently of any association with intelligence, being more dependable or conscientious in childhood is also significantly protective to health."
Class rank in itself probably has little or no causal importance, and, to be sure, not everyone can damage not yet incurred (disability and death) if one is already ill or injured."
According to Gottfredson and Deary (2004: 2) , "The socioeconomic measures that best predict health inequality also correlate most with intelligence (education best, then occupation, then income). This means that instead of IQ being a proxy for SES in health matters, SES measures might be operating primarily as rough proxies for social-class differences in mental rather than material resources."
Finally, Deary (2008: 176) writes, "It may be that a person with more and better education achieves a higher IQ score; but a child with a high IQ score is more likely to undergo more years of education, attain higher qualifications and go on to a better job. Thus, adjusting for education and social class in the intelligence-mortality association could be an over-adjustment -it might weed out some of the very influence of intelligence that we are trying to detect."
Such arguments are fallacious. Figure 6 shows a causal model in which high school rank is only a proxy measure of IQ. In this scheme, high school rank is affected by social background, IQ, and gender, and by other, non-intellective causes that are uncorrelated with its observed causes.
Mortality also depends on social background, IQ, gender and other variables that are unrelated to its observable causes. To the extent that high school rank is affected by IQ, one can properly call it a proxy or surrogate for IQ. However, high school rank itself has no influence on mortality.
The correlation of high school rank with mortality is entirely explained by their common dependence on social background, IQ, and gender. There are two major changes in the scheme. First, IQ no longer has any direct effect on mortality, and, second, high school rank has a direct effect on mortality. That is, the effect of IQ on mortality is entirely mediated by high school rank. This can only occur because there are additional, non-intellective causes of high school rank that are not correlated with IQ. To be sure, to the extent that IQ is associated with survival, independent of social background and other prior events and circumstances, its effects are real, and they are not at all diminished by the introduction of mediating variables. Figure 7 does not say that IQ has no effect on mortality, but only that the effect is mediated by high school rank. However, a mediating variable must have sources of variability other than IQ and whose effects thus are necessarily distinct from those of IQ. In the present analysis, for example, the correlation between IQ and high school rank is just 15 0.60, so 64 percent (100 X (1 -0.6 2 )) of the variance in rank is independent of IQ and cannot properly be labeled a proxy effect.
The present analysis locates the explanation of the IQ-survival association firmly in personal characteristics, attitudes, and behaviors that are well established by late adolescence.
However, it also raises many more questions than it answers. Are the present findings peculiar to the 
